21 April 2004 TIP CAP HOLE BRAZI NG AND OXI DATI ON RESI STANT A éﬁmfgﬁgREFOR
BACKGROUND OF THE | NVENTI ON This invention relates to a brazindg ne d for
closing holes and, nore particularly, to a brazing nethod and alloy for
closing high pressure turbine blade tip cap holes to nmaximze filling of
the holes, mnimze porosity, inprove oxidation resistance, and inprove

reliability. During the u f_hi ressure turbine blades of the
type as shown in U S. Pat. E % %@\I{% F%ggﬁg MY € IDGTE Gy med to | ocate
casting cores. It is inportant RESTISEOM elrt.oy e8erEwsR hol es because

otherwi se cooling air |eaks out of the tip rather than being directed over
airfoil surfaces. The tip cap hol es have a dianeter on the order of 0.04

to 0.05 inch ( 0 Her et of ore such hol es have been
filled by inj e%% LS%& &@@&Pﬂrry of a fill alloy consisting of a
relatively high nelting point. ("high nelt") conponent (H)(about 45 w%
interm xed with a rélist ivekptiow reldtieag t@Ohnbréziﬁ)g‘\lméFﬁ-_Hd' ¥cSOBPOLERY

(Li) (about 55 vvt(@. The cor‘rgom tions of gh nelt and | ow nelt conponents
enpl oyed in privrEs ¢t B8 a?%r'é’sc"f]tﬁrllyws tola brazyig merbod phgha Myt

Conp. ~ (H ) Low i} tc1Ghd ThiGD. b Wl B DBme Wit ol Sifiekth A
14.8-15.8 Co 9.0-10.0Co 9.5-11.0 Ti 852'I}a3038/&]6)2.a§)-1§1021ﬁ53t%37
maximize filling of the holes, ninimize porosity, improve

oxidation resistance, and improve reliability.

During the manufacture of high pressure turbine blades
of the type as shown in U.S. Pat. 5,232,343, tip cap holes
are formed to locate casting cores. It is important to
securely close such holes because otherwise cooling air
leaks out of the tip rather than being directed over
airfoil surfaces. The tip cap holes have a diameter on the
order of 0.04 to 0.05 inch (about 0.1 cm to 0.13 cm) .
Heretofore such holes have been filled by injection with a
50% dense slurry of a.fill alloy consisting of a relatively
high melting point (“high melt”) component (H1l) (about 45
wt%) intermixed with a relatively low melting point (“low
melt”) component (L1) (about 55 wt$%). The compositions of

high melt and low melt components employed in prior

practice arxe as follows:




W3.7--4.3B 2.1-2.5 M 3.7-4.3Ni Balance WMo 7.7 m nPl us i@ﬁ”ﬂﬁ@?@64rm

Bal ance inpurities Plus incidental inpurities During brazing the [Fow nelt
conponent particles nmelt to a liquid and, upon solidification, densify and
bond the high nelt conponent particles in the tip cap hole. A

di sadvant age of this approach has been that the cooled filling has a high

I nternal porosity |evel ¥h'cﬂ 1 seé&s i 1 usceptibility. to oxidation in

service, and that a |ac H11oh exi st s ¥ taCRBR: &Ll t ype

void that has forned ufgon c%g 'ﬁ%: RI'EE SUMWARY EF PHES| ROENTEEN Briefly,
rO0ndatip cap hol eCFs1fo8déd-Rith a first

in accordance with this-Fnve a

conposi tion conprising “BartPcPes0o? a first alloyCRadi-Agla-8olidus
tenperature above the Btazifig8tenperature. The fi T8t 3cBnpe8ition is
covered with a second cBhpos?tPoh-2onprising parti &led.8f3.3a second al |l oy
having a liquidus tenpeWaturé.-betow the brazing tenperatars®. The second
conposition is heated t¥o th&.bréaz3 ng tenperature Né Balsacparticles of the
second alloy to melt t@+ftorma hmimui d of the secondlald Aycideatais

carried into spaces-betweenit hBapaide cl es of the first igbhpy-iys :
capillarity. The |iqui dpDhst hecbeeond aloi-iitSed 21 April 2004 cooled to
forma solid securely bonding the particles of the first alloy. According

to an aspect of thgugresegt inven%ion1 therft i s provided a nethod for
closing a high preSStt®d DFf I piiagelow melt component particles melt

to a liguid and, upon solidification, densify and bond the
high melt rcomponént particles in the tip cap hole. A
disadvantage of.this'approach has been that the cooled
filling has a high-internal porosity level which results in
susceptibility to oxidation in service, and that a lack of
fill condition exists due to a meniscus-type void that has

formed upon cooling.
BRIEF SUMMARY OF THE INVENTION

Briefly, in accordance with this invention, a tip cap
hole is loaded with a first composition comprising
particles of a first alloy having a solidus temperature
above the brazing temperature. The first composition is
covered with a secona composition comprising particles of
a second alloy having a-liquidus temperature below the

' brazing temperature; The second.composition is heated to
the brazing temperature to cause particles of the second
alloy to melt.to form a liquid of the second alloy which is

carried into spaces between the particles of the first

alloy by capillarity. The ligquid of the second alloy is




tip cap hole by brazing at a brazing tenperature, the neﬁmog %gfpﬁbﬁ%ng:
| oading said tip cap hole with a first conposition conprisi'ng par | es of
a first alloy having a solidus tenperature above said brazing tenperature;
covering said first conposition with a second conposition conprising
particles of a second alloy having 10 a liquidus tenperature bel ow said
brazi ng tenperature; heating said second conposition to said brazing
tenperature to_caus ai articles.of said,second.all to nelt, to
| Fau d of sai d°cBtEReth el SRERe eefRFaP RPld & otle Befbhtet
particles of sahd firsi wllogy by capillarity; and cooling said liquid of
said second alloy to forma solid securely bonding said particles of said
first alloy. According to a further aspect of the present invention, there
i's provided aAﬁﬁPﬁédnBortopla@siaﬁ@e&thicgeﬁ e pHasentu iRt InThd Ry cap

hol e by QéaﬁkBgiééd?‘abFn@EhB? EGIMET AL e HiEH g?é@%&%{% He %1 25k! 1119
said tip cap hole with a fill conposition conpfrising particles of at | east
two di st Eapt calbl dyplecdpdziazong asbnprbreadngartengdestofre, fihst all oy and
particle gﬁgq al ] oy wherein said first alloy has a 20 solidus
tenperatﬁ?gﬁgﬁdge aﬁﬁgﬁ*azing tenperature and said second alloy has a

li qui dus tenperahdbiaghalaovd seifd baazibig e twipar at WiestSakdmpaktiicGlas of
said first alloy and sajd 3 21 riJ 2004 particles of said second all oy
defi ni ng%’(ﬂB%?i??n@?Wé?%‘?% of %js‘laﬁ]bs‘i i o9 & F&L i8St ures of the

Eresentfi:am@ia@@rewiau&od@ daidPaihzingPeempéranded N part pointed out
erel nafter.

orm a

covering said first composition with a second
composition comprising particles of a second alloy having 10
a liquidus temperature below said brazing temperature;

heating said second composition to said brazing
temperature to cause said particles of said second alloy to melt
to form a liquid of said second alloy which is carried into
spaces between said particles of said first alloy by

capillarity; and

cooling said liguid of said second alloy to form a

solid securely bonding said particles of said first alloy.

According to a further aspect of the present invention,
there is provided @ method for closing a high pressure turbine
blade tip cap hole by brazing at a brazing temperature, the
method comprising:

filling said tip cap hole with a f£ill composgition
comprising particles of at least two distinct alloy
compositions comprising particles of a first alloy and
particles of a second alloy wherein said first alloy has a 20
golidus temperature above said brazing temperature and said
second alloy has a liquidus temperature below said brazing

temperature, said particles of said first alloy and said



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic Cro??iﬁﬁﬁbbﬁ@ of a
tip cap hole illustrating a prior art nethod for filling tip cap holes.

Fig. 2 is a schematic cross section of a tip cap hole after filling by the
prior art nmethod. Fig. 3 is a schematic cross section of a tip cap hole
illustrating the filling nethod of the invention. Fig. 4 is a schematic
cross section of atip cap hole after filling by the nmethod of the

i nvent i oparti@bes Sof epidetOnar 81 56x dextimiinaC alvboRidsi ng@hatgaaer ogr aphs of
cross sections of sanples after an oxidation test. Figs 11 and 12 are

phot om croographs of the fill rmaterial of the invention. DETAILED

DESCRI PTRENSEE THEP PREFERRED EMBODI MENT | n accordance with this invention
tip cap holes are brazed closed with a two-conponent brazing material at a
particular brazing tenperature at which just one of the two conponents of
the material neFhsr Teptvapshefeshgr Preprpsciayentiodastldbdet i80wAry | |

preferabgﬁggagg eﬁ§?¥i§§%$§t4E§i¢Féé“%ﬁélﬂérei it 3 first conposition which

conpri ses terial having a solirdus tenperature greater than
the brazing tenperature used for subsequent brazing. Injection is
acconpl i shed uBRAHF aPBRTRERT HEE (e THE PRAWANGEessure behind it or by ot her
suitable neans. A relatively equal anmount of a second conposition

conpri sing |0WFE§U1”§-EG5.| 8khehstibenr-GaP! d&t {9, tdhe 4 ap picddhe high nelt
conponent. The ow nelt material has a |iquidus tenperature”|l ower than the
brazi ng hedpeidluseratiing kve triazi agtt mepbedt for, £1hargf oie, caphbolesy nel t
material nelts while the high nelt materi al

Fig. 2 is a schematic cross section of a tip cap hole

after filling by the prior art method.

Fig. 3 is a schematic cross section of a tip cap hole

illustrating the filling method of the invention.

Fig. 4 is a schematic cross section of a tip cap hole after

filling by the method of the invention.

Figs. 5 through 10 are 50x magnification 15
photomicrographs of cross sections of samples after an

oxidation test.

Figs 11 and 12 are photomicrographs of the fill

material of the invention.
DETATLED DESCRIPTION OF THE PREFERRED VEMBODIMENT

In accordance with this invention, tip cap holes are
brazed closed with a two-component brazing material at a
particular brazing temperature at which just one of the two
components of the material melts. Tip cap holes are

injected at least about 80% full, preferably completely

3a



does not. Figure 3 is a cross section of a tip cap hole aft? Af'LII'P g wth
powder and before brazing which illustrates the hole fille \M?rﬂ2ﬁ h nmelt
conponent and with the low nelt conponent applied to the top of the high
melt conponent, the two conponents formng two distinct |ayers. This is
contrasted with the prior art nmethod illustrated in Fig. 1 which shows the

high nmelt conp t i.nitiall intermxed with the |ow nelt conponent. The
high melt and R e gor%%ﬁ%nfgmﬁ?il‘éh%ﬁ%q}h HmPrdsest achdgl-Ratehi ng

in these figunesceReilurRandng OaFighliHud t téaPebLuAPPEeehabed il dyLing
brazing according to the invention, _the low nelt conponent particles nelt
and the | ow net%azZidhnSCRERE2ABYEsUasdniRF cSulaesisntabiragfi nghe Ihi ght heh t

conmponent partjcl : I capi |t r.avity._ The result
upon sol i dificiastciﬁﬁc?fip%%gel% '\%\?1% ?s%g%g’t glﬁt%?gﬁ yl%’o%/’fru‘l"é%lsi‘ﬁeg. 4)
as conpared t dshing elt fort |lmd ¢Ehiegr 2)itadder ndmngrinrrapptdashy &ngir e 2
illustrates thaem dettr iorgegt glac mecgi scus eff.ect which occurs at . the bottom of
holes filled BY'THE i Or “Hetiod NS 1822 TR 15 150 g e fied bt RrEeBA ded
with the invenid ameas apbliiisfr 86 eghé Nedp bf the HQH skt bBgubhbhed fpl es

are fuller as a result of the new brazing nethod, and are.nore resistant
to oxidation ¥ pelsspptenial H@%éwlaﬁaégﬁa hetRIRGurec dobenathom Wi h

the new all oy pfyiaBe cBiBLALEEL CHROLHEPREaRInd Neduentlan WLehel s, @
variation fromthe fechni que described above, The F'ow™ nelt corrponenet'
applied to the&heopaf ndid fndtdegd dlolmelits wintler mibeechiwitt el patidtieari af hi gh
mel t corrponentdoe%e%%%se the high nelt conponent has greater oxidation

resi stance ) :

Figure 3 is a cross section of a tip cap hole after
filling with powder and before brézing which illustrates
the hole filled with high melt component and with the low
melt component applied to the top of the. high melt
component, the two componehtS'forming two distinct layers.
This is contrasted with the prior art method illustrated in
Fig. 1 which shows the high melt component initially
intermixed with the low melt component. The high melt and
low melt components are shown with different cross-hatching
in these figures. Returning to Fig. 3, it can be
appreciated that during brazing according to the invention,
the low melt component particles melt and the low melt
component moves downward through all of the high melt
component particles as a result of capillérity and
gravity. The result upon solidification is a hole which is
substantially 100% filled (Fig. 4) as compared to a hole
filled (Fig. 2) under the prior approach. Figure 2
illustrates the detrimental meniscus effect which occurs at

the bottom of holes filled by the prior method, which



than the [ow melt conponent, this aspect enhances the oxi daémgw&ga&stance
at the top of the filled tip cap hole. Furthernore, the high conponent
particles intermxed wth the lownelt particles do not nelt and do not
wick down into the high nelt naterial below Thus the intermnixed high
melt particles have a build up effect which mnimzes neniscus formation

at the top of il l:ed | razi .Accordingly, the hole. is
i nj ect ed pconpltéelfféerc; \%\A’gt?i@%f(g dqn%%m%g%pgﬁgﬁ 579 ?%elrﬁgl%‘ﬁrﬁtﬁﬁelﬁfm% gh
melt and | ow nel.t cBmporsntltingapfilliled drolteep sofe tha1dH ¢ nel tesompanent .

This m xture pr%ferabl ¥r§%o%i se O%ﬁ%ge order of up to about 50% by

wei ght of the Righ %l e BFEBYER| SRR 1 69 PHiddotan 50%

by weight of tde shirglurel brcerpORRAt brakhh ﬂ@tﬁo@rﬁﬁ%&%ymm wikg to
about 25% by weight of the high nmelt conponent. In one particularly
preferred enbod®eRtY Bh+8¥nmi xture conprises about 15%of the high melt
conponent and about 85%of the |ow nelt conponent. The weight ratio of |ow

melt to high melt coRPeRENbréfetiisd dRPdAR@LS Jfeinren, abori 1 d ; ;about
9:1, preferably between aB%ﬂt 3:1 and about g T I'n 5_3? ‘Xpr?’% %b%}‘ orve
particul arly pref@Hédienbddiorenthe t heshmiiht deatirbbed abetepemhabawiy 5: 1

and about 6: 1. i aui t rat,ur.e af, the | ow t ri,al is | ower
than the brazi F%H'?er?lﬁglpg %?ne: %gg) l%%lefté’r ;queyr#f%P ‘H’FSEJ&? trtrﬁé( edhdgte24602F
(about 12002C) intereipedfetwdbly prrtikingler hibhnmabeutordddadt ( ahHuse

11902C). In on referred  enbodi ment, the |iquidus tenperature of thel | ow
melt nmaterial %Pg E‘éﬁ & L5p SOMPLaEH LR hash et g0 2l datd csb sesiszeoee F

(about 12002C) thepedifd c16% ehirted-GHBGBN $nhave, s ddQui iR  feoperatur es
of about 20652F (about 11.302C) and
- oxidation resistance at the top of the filled tip cap hole.
Furthermore, the high melt component particlés intermixed
with the low melt particles do not melt and do not wick
down into the high melt material below. Thus the
intermixed high melt particles have a build up effect which
minimizes meniscus formation at the top of the filled hole
during brazing. Accordingly, the hole 1is injected
completely with high.melt component and then a mixture of
high melt and low melt component is applied on top of the
high melt component. This mixture preferably comprises on
the order of up to about 50% by weight of the high melt
component, more preferably about 10% to about 50% by weight
6f the high melt component, still more preferably about 10%
to about 25% by weight of the high melt componeht. In one
~ particularly preferred embodiment, this mixture comprises
about 15% of the high melt component and about 85% of the
low meltlcomponent.' The weight ratio of low melt to high
melt component in this mixture is between about 1:1 and

about 9:1, preferably between about 3:1 and about 9:1. In



about 21652F (about 1185 2C) , respectively. The solidus t of
the high nelt material is greater than the brazing temera?&?@grg&géfs
preferably no | ess than about 23002F(about 126 02C), nore preferably no | ess
t han about 23752F(about 13 002C).In one preferred enbodi nent, the solidus
tenperature of the high nelt material is between about 23502F (about

12852C) and ab 02F out 3459C) . A wat er-based bi nder such as one
avai | abl e unde‘rgH% f%ég{1rcél&(§%ﬁ‘a/n€r€/%?f5e%e?mﬁ%%eﬁtt’t 5ﬁ&ﬁr‘ﬁ?1%li‘t Bét'tH& 1s
Connecti cut, iBepwederatdut i :Xednd Hboddcls:of the high and [ow nelt
materials to help hold themin place prior to brazing. The ratio of binder

to netal is on the gQrder. of, —about 1:7 by weight, such that the materials
are contained with e:{f%ﬁpdru&im%ﬁﬁ%%% (T£§§‘esllﬁ’|""r yedft pteggal is
evaporati on ocLewsr Thenbi fEer bBralahyl | Z88paPoNY AZLAE. ble ARSIIEE N,

di scovered that inproved oxidation resistance achieved in accordance with
this inventiontighers igmcalosy 3¢P@R | Gooft d208%Cirel monatmerd faraiiychohas a

6 21 April 2004; $h Qi 520 c0@NbeRtE < 8f (S i ng .poi nt_depressant in
a Ni- or Co-based mat rH| X. Sl co% E;g lgglé%&?oﬁln t%’ be I%esoﬁleecipgﬁfﬁrreg
advant ageous i emisutimeappl | thei ohsgbbdaws e drperanharcesf oxtigat i1 melt

resi stance. Accordi.ngly, the | ow nelt |l of the inyention contains at
| east about 3‘%‘E§f€,’r1a"ﬁ'd .1Sp>3ee1‘%§"re§5’| g‘%ﬁé‘ttv\éé)ﬁ%égod? 2YFakd2866ut 2ardopkput one
preferred enbogioEnt (@oatal mﬁo@e@wem@zq&ti&g?aﬂérﬁmtgmb%’éi@ms Le

i .

preferably between about 4.2% and about 4.8% Anot her preferre
enbodi ment cont¥HIYet YRRRTIRTOUe S0 B bout 08 855  Frofabeuef 2:361S) batdeen

about 9.8% and,gRAUt2 185 30 Phpout 11852C), respectively. The solidus

temperature of the high melt material is greater than the
brazing temperature and is preferably no less than about
2300¢F (about 12602C), more preferably no less than about
23752F (about 1300°C)}. In bne preferred embodiment, the
solidus temperature of the high melt material is between
about 2350¢F (about 1285%C) and about 2450°F (about
1345¢<C}) .

A water-based binder such as one available under the
trade name Vitta Gel from Vitta Corp. of Bethel,
Connecticut, is preferably mixed with each of the high and
_low melt materials to help hold them in place prior to
brazing. The ratio of binder td metal is on the order of
about 1:7 by weight,.such that the materials are contained
within an approximately 50% dense slurry after some

‘evaporation occurs. The binder volatilizes upon brazing.

It has been discovered that improved oxidation
resistance achieved in accordance with this invention is

enhanced by selection of a low melt matérial which has a



The low nelt alloy of the invention is further characteriz

I ntentionally added B, and by maintaining the incidental

B

B RReEe ow

el ow

about 1% preferably bel ow about 0.5% nore preferably bel ow about -0.1%
It has been di scovered that, inasmuch as B has deleterious effects on
oxi dation resistance, mnimzing B enhances oxidation resistance. In

contrast, prior.lo ﬂ:m:}t ct()Jrn%zei %gogl ggys for_u g“l‘gr’]eééll%égaje

appl i cations fave had & si gnificant Andtnt l(‘%.

hole filling

PXSSGER2 4™ of

as a nelting pei pi-depr essbaked Thatkaw. neldi Gamonen wWed hecudyerd i 9O
further conprises Cr_in the range of about 10%to about 25%to

oxi dati on r esi $TRFESHHhRATYR-IRFII By BCh rPphiveaiions desratas O and
Al for oxidati gfhdRsdsStARCRidh Rigfigkahlor contal, %Ft&lﬂ eggk fe‘gu%egg@
y Tromabou .

preferably from about 5% to about 7% nore prefera

enhance

Joto

about 6.5% Al ,alWixpipridd dewerdnofl coxitdenscalte lehisthabopar 8% shhamedd
It has been di scovered that the

oxi dation 7 21 11_.4004. resi stance.
per f or mance ofprA%%era’rbl Y RSFERFR ‘—T?%O'f%rt ar 28 hafRBRYT byt (si /g -a hi G nel t

further contaigiefedded phbbeimdhty ddntdadast babhaubn0abSatr MY endoaBberadl y
about 1% to about 3% nost preferably fromabout 1%to about 2% Hf, to
enhance the adher & GreferadlvoRetiesrseRRPtAR -dfdard akpde 4cld eSi- It

has al so been giRueed ehabasSEfBoREhddr NBACE, 115 tf‘er&%@ﬁegb%
melt also contains Re, at |east about 1% preferably froma
about 4% Re dulel% &ii.t gioref beefensbly sdiwesn|altdwn Si8tengtihebent 10.3%
particul arly 'Sbiecause Re does not have as del eterious an effect on

The low melt alloy of the invention

is

fiet

out

i g

further

characterized by a lack of intentionally added B,

and by

maintaining the incidental B cont%pt below about 1%,

preferably below about 0.5%,7more pféferably below about
0.1%. It has been discovered that, inasmuch as B haé
deleterious effects on oxidation resistance, minimizing B
enhances oxidation resistance. In contrast, prior low melt
brazing alloys for use in tip cap hole filling applications
héve had a significant amount {e.g., at least about 2%) of

B as a melting point depressant.

The low melt component of the invention further
comprises Cr in the range of about 10% to about 25% to

enhance oxidation resistance.

The high melt alloy of the invention contains Cr and
21 for oxidation resistance. It preferably contains at
least about 5%, preferably from about 5% to about 7%, more
preferably from about 5.5% to about 6.5% Al, which provides

an Al oxide scale which imparts enhanced oxidation

B



oxi dation resistance as other solid solution strengtheners Zslu&;;}“ §odb, Ta

and W And it has further been discovered that by elininating '1nténtional
additions of Ti; and by maintaining Ti content preferably bel ow about

0.5% the protective & and Al oxide scales adhere better, because Ti has
a tendency to interfere with such adherence. Exenplary high nelt and | ow

melt conpositi - cordance with this invention are as follows: 8 21
April 2004 ngﬁé%é%%rk%rcn HAC HHf Re O Ta Al w M Co Ti N

0.10-0.14 1.3-1.7 2.6-3.0 6.6-7.0 6.2-6.5 5.94-6.3 4.7-5.0 1.3-1.7
wt % It has been discovered that the performance of the

fill material is further enhanced by using a high melt
further containing Hf, preferably at least about 0.5%, more
preferably about 1% to about 3%, most preferably from about
1% to about 2% Hf, to enhance the adherence of oxidation

resistant Al and Cr oxide scales.

It has also been discovered that_such performance is
enhanced if the high melt also contains Re, at least about
1%, preferably ﬁrom about 2% to ébout 4% Re due to its
effect as a s=so0lid solution strengthener, particularly
because Re does not have as deleterious an effect on
oxidation resistance as other solid solution strengtheners

such as Mo, Ta and W.

And it has further been discovered that by eliminating
intentional additions of Ti, and by maintaining Ti content
preferably below about 0.5%, the protective Cr and Al oxide
séales adhere better, because Ti has a tendency to

interfere with such adherence.

Exemplary high melt and low melt compositions in

accordance with this invention are as follows:




11.45-12.05 0.2 max Bal ance plus incidental Low Melt Cono. QAA&"%@@-O. 19
Ww% Si 4.2-4.8 O 13.7-14.3 Co 9.0-10.0 Ti 4.6-5.2 A 2.8-3.2 M
3.7-4.3 W3.7-4.3 B 0.5-0.8 N Balance plus Low Melt Conp. LB C 0.01 nax
Si 9.8-10.3 Cr 18.5-19.5 B 0.03 max N Balance plus incid. inpurities
incidental .inpurities inpurities The follow ng exanples further illustrate

the i nvention. Eﬁ?ﬁﬁ%%lﬂ: vy Xi q%twi %;Ee&t}s ﬁge conduﬁgi d conpar iBng
sanples filled w e Nnig /1 i of

(HA/ LA and HA/ LB toOsafipbeddfwtted av th. 1hen. 37 @i hi ghcnebt 6h opspel t

m xtures (HL/L1l) HfCyal.Bel.7 Si 4.2-4.8 Si 9.8-10.3
Re 2.6-3.0 Cr 13.7-14.3 _ Cr 18.5-19.5
Cr 6.6-7.0 Co 9.0-10.0 B 0.03 max
Ta 6.2-6.5 Ti 4.6-5.2 Ni Balance
Al 5.94-6.3 Al 2.8-3.2 plus incid.
W 4.7-5.0 Mo 3.7-4.3 impurities
Mo 1.3-1.7 W 3.7-4.3
Co 11.45-12.05 B 0.5-0.8
Ti 0.2 max ‘Ni Balance plus
Ni Balance plus incidental impurities

incidental impurities
The following examples further illustrate the invention.

Example 1

Cyclic oxidation tests were conducted comparing
samples filled with the high melt/low melt mixtures of the
invention (HA/LA and HA/LB) to samples filled with the
prior high melt/low melt mixtures (H1/L1). Cyvclic
oxidation tests were conducted at up to 2000°F with a five-
minute hold time for up to 2400 cycles. Comparison of the
photomicrographs of Figs. 5 through 10 reveals that the .
fill material HA/LA (Figs. 5 and 6) and HA/LB (Figs. 7 and
8) suffered substantially less oxidative attack than the

- £ill material H1/Ll (Figs. 9 and 10). After 1800 cycles
the HA/LA (Fig. 5) and HA/LBV(Fig. 7) mixtures showed
virtually no oxidative attack while the H1/Ll (Fig. 9) was
nearly completely oxidized away. After 2400 cycles the
HA/LA (Fig. 6) and HA/LB (Fig. 8) mixtures showed only
minimal oxidative surface attack while the H1/L1 (Fig. 10)

mixture was nearly completely oxidized away.

The actual maximum temperatures at which each of the




oxi dation tests were conducted at up to 20002F with a five- 3 gshieohp! d
time for up to-2400 cycles. Conparison of. the photom crographs of Figs. 5
through 10 reveals that the fill nmaterial HN LA (Figs. 5 and 6) and HA/LB
(Figs. 7 and 8) suffered substantially | ess oxidative attack than the

fill material HL/L1 (Figs. 9 and 10). After 1800 cycles the HAN LA (Fig. 5)
and HA/ LB (Fi gredbedn i WEE€ h % Qo ti k while the
H1/ L1 (Fig. Q?tvvas near | yﬁ%%ngﬂg‘ggdyh%%ég:t%}es av%/%ye:dL fto\e’(ifJ %21 cyc?e% t he
HA/ LA (Fig. 6)regwirdéd sBd Rirg. p8psankedr &8 Shbiwedlonly ninimal oxidative
surface attack while the H1/L1 (Fig. 10) mxture was nearly conpletely

oxi di zed away. The actual nmaxi numtenperatures at which each of the 9 21
April 2004 tested m xtures showed accepfable levels of attack were
recorded and are presented in Table 1. Table 1 Maxi num Tenperature (F)

M xtureCycl esof Acceptable Oxidative Attack HMdin{dO/TetpEda@uts002H00
24001600 HA/ LA (50/50) 18002000 24001900 HA/ LB180G2DGc240@67@0- 1800

Exanpl e 2 Tensile $Miengteh tests @eekeperforned aneid-diiRe hethbBR

procedures of ASTMHEZ1dandsBZ2%0)0 T®opare sanpl essqy epaked according to the
invention with sanples prepared agggoding to tiwygrior nethod. The results

are presented in TalmRa2.(50/50) 1800 2000
2400 -1900
HA/LB 1800 2000
: 2400 1700 - 1800
Ekamgle 2

Tensile strength tests were performed according to the
procedures of ASTM E8 and E21 to compare samples prepared
according to the invention with samples prepared according

to the prior method. The results are presented in Table 2.

Table 2

1900°F Tensile

Test # Material UTS $EL
T36 H1/L1 19900 1.70
T37 : H1i/L1 19700 1.40
T3 HA/LB** 18300 1.20
T4 HA/LB** 16600 1.50
T15 HA/LA** 36500 0.70
Ti6 HA/LA** 36200 0.90
T25 HA/LA* 13600 0.70
T26 HA/LA* 16700 0.60
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Table 2 19002F Tensile Test #Material UTSYEL T36Hi / L1199001. &3 Apri| 2004
T37H1/1L1197001. 40 T3HA/ LB**183001. 20 T4HA/ LB**166001. 50 T15HA/ LA**365000. 70
T16HA/ LA**362000. 90 T25HA/ LA*136000. 70 T26HA/ LA*167000. 60 10 21 April 2004
2000F Tensile Test #Material UTS%EL T38H1/L1112001. 00 T39Hi / L176001. 00
TSHA/ LB**55001. 90 T6HA/ LB**45002. 50 T17HA/ LA**194001. 00 T18HA/ LA**193000. 70
T27HA/ LA*74001. 00 ygﬁhﬁﬁLa§;§ggg.so .*Blended m xtures **HA Filled joints

e seen

w braze on top It can romthese data that the HA LA conbinations
perforned best, and,t g*th%ak%§gglper$£§ned on sangles prepared accordi ng

to the brazing net th i O aze on to erfornmed better
than tests perfor on sanit’ pr epa & si ng bl ended®ni xt ur es Exanple 3
Conparative 20009F2§%ress it Ere tests /B0 e conductle®9ccording to the
procedure of ASTM Ef39 and tR€LB** 5500 1.90
T6 HA/LB** 4500 2.50
T17 HA/LA** 19400 1.00
T18 HA/LA** 12300 0.70
. T27 HA/LA* 7400 1.00
- T28 HA/LA* 7300 .80

*Blended mixtures **HA Filled joints w/braze on top

It can be seen from these data that .the' HA/LA
combinations perfdrmed best, and that the tests performed
on samples prepared according to the brazing methbd.of the
invention (braze on top) performed better than tests

performed on samples prepared using blended mixtures.

Example 3

Comparative 2000%F stress rupture tests were
conducted according to the procedure of ASTM E139 and the

results presented in Table 3.
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results presented in Table 3. 11 21 April 2004 Table 3 Test 21 apri 2004

#Mat eri al KSI Li f e%&L T40H /L111141.37.2 T41H1/1L111106.4 T7HA/ LB**1685. 3
TSHA/ LB**1211 T19HA/ LA**1414.5 T20HA/ LA**1371.8 T29HA/ LA*154. 22. 10

T30HA/ LA*135. 1. 80 T42H1/L1215.32.50 T43H1/L1214.91.90 T9HA/ LB**25. 38. 70
T10HA/ LB**21. 15. 40 T21HA/ LA**227.92. 20 T22HA/ LA**219. 71. 80

T31HA/ LA*229. 32. 70 T32HA/ LA*26. 71. 50 *Blegged m xtures **HA Filled joints
W braze on top These data reveal that at2 | oad all sanples perforned
adequately and that at 2 ksi |l oad the HN LA_sanpl es prepared using the
brazi ng nethod ofS Iiinvé#?—’i:—‘ﬁﬁgﬂperforneéﬁﬁést. Ex&%éﬁe 4 Conpar¥Ek ve ni
strength tests wef® conductBd/BS a nmeasuré of the Higghsst use teherature
and the results Tate presentédlin Tabl e 4. These t &st® i4nvol ved hangi ng a
300 psi dead wei§ht |oad frBABEffat sheet lsanple. T8&5.3sanple is hung

within a cl am sh@f| furnaceHandBthe 1 211

T19 HA/LA** 1 414.5

- T20 HA/LA** 1 371.8

729 HA/LA* 1 54.2 2.10
T30 HA/LA* 1 35 1.80

42 H1/L1 2 15.3 2.50
T43 . H1/L1 2 14.9 1.90
T9 HA/LB** 2 5.3 8.70
T10 HA/LB** 2 1.1 5.40
T21 HA/LA** 2 27.9 2.20
T22  HA/LA** 2 19.7 1.80
731 HA/LA* 2 29.3 2.70
T32 ~ HA/LA* 2 6.7 1.50

*Blended mixtures **HA Filled joints w/braze on top

These data reveal that at 1 ksi load all samples
performed adequately and that at 2 ksi load the HA/LA
samples prepared using the brazing method of the invention

performed best.

Example 4

Comparative nil strength tests were conducted as
a measure of the highest use temperature and the results
are presented in Table 4. These-tests involﬁed'hanging a
300 psi dead weight load from a fldt sheet sample. The
sample is hung within a clam-shell furnace and the
temperature is monitored. The temperature is increased and

the temperature at which the bar breaks is recorded.
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tenperature is nonitored. The tenperature is increased and 44l opperature
at which the bar breaks is recorded. 12 21 April 2004 Table 4 Test

#Mat eri al Load (psi) Tenp (Dec. rF) T-1HA/LB**3002103.8 T-2HA/ LB**3002096. 3
T- 12HA/ LA** 3002122 T- 23HA/ LA*3002104. 7 T- 24HA/ LA*3002086. 9
T-3"4H1/L13002033. 4 T-35H1/ Li 3002045.6 *Bl ended m xtures **HA Filled joints
w braze on top These data reveal that thle]alveréage nil strength tenperature
of specinens prepared using the alloys hod of the 'invention was

2107. 42F as co, aregd to 2 3@.59F for speci ns pgepared using the prior
all oy and net vi ew 2 oregoiﬁgfgfaﬁLles it is keddReas hBl the
brazi ng method-of the i nveRt{ YR with ei t B of the new nRIEF-&

combi nations tested (HA LABAEHAN LB) proifles a nore oxi #d60@ resi st ant
product with aﬁéﬁgtable nedhatthl  propefdd es as compared®@2@ the prior
nmet hod. Wile Trédone instafeds the nectMi cal strength &idar’s to be | ess
with the new Fredhod and rBd&kd%ls, in al30l nstances the 268sGhani cal
strength is acBeptable forHii{plcap hole f30d applicati on03Bha nateria
must have suffTei®ent strengifi.to hold it398 f agai nst centaoidaflsugal force and
thermal |oading during service, but it bears no further significant |oad.
The nore inportBldnddtbndsiteriest i C*FaR Fhl Se@ppbiwdd Wbda%e on top

These data reveal that the average nil strength
temperature of specimens prepared using the alloys and
method of the invention was 2107.4°F as compared to
2039.5¢F for specimené prepared using the prior alley and
méthod.

In view of the foregoing examples it is evident that
the brazing method of the invention with either of the new
material combinations tested (HA/LA and HA/LB) provides a
more oxidation resistant product with acceptable mechanical
properties as compared to the prior method. While in some

- instances the mechanical strength appears to be less with
the new method and materials, in all ,instances the
mechanical strength is acceptable for tip cap hole fill
applications. The material must have sufficient strength to
hold itself against centrifugal force and thermal ioading
during service, but it bears no further significant load.
The more important characteristic for this application is
oxidation resistance. The mechanical strength and oxidation
resistance are attributed in large part to the relatively
low amount of void space in the fill material, as shown in

Figs. 11 and 12.

13




oxidation resistance. The nmechanical strength and oxidation >fgsfiobasce are
attributed in large part to the relatively |ow anount of void space in the
fill material, as shown in Figs. 11 and 12. 13 21 April 2004 Figure 11
shows a hole filled using the nmethod of the invention with material HA
foll owed by an 85/15 m xture of LA/HA; Fig. 12 shows a hole filled using
the same nethod w mat ecial, HA fol ] owed bf/ LB. As various changes could
be made in the abov 19&‘5&5%8??‘6%33\/&‘?1\!1\%&% Issh siingg theorethed sebpehef
the inventioninvieritsonnweBHefat8aia R da MBI 1RO BLARRCY 5/ A5t Py ¢ APOVS
description or shown in the acconpanying draw ngs ~“shall 6e interpreted as
illustrative afd®/fét¢ iFid% i2nishows sdke Ol wpirid (@0H4saldATdthod
CLAIMED IS 1. (Achethed f98 £hOBh P Gdl L%essure turbine blade tip cap
hol e by brazing at a brazing tenperature,” the nmethod conprising: |oading
said tip cap hole with a first conmposition conprising particles of a first
al l oy having a sol i 8g§s venpewat wrherass e aildl bbazi ngdeenper athy e ameever i Ng
said first co it i second .conpositi conprising particles of a
second al | oy Hg%?lﬁgkﬁgt#égi 3‘{}? oé“%pe?‘%?% Sy %\%Og‘ar‘gh%r EARG thpdhgt ur e;
heating said. devendionppbdsiis aintendial dHatazlNgmatLAPCESH Y fnd® GAYSE Sai d
particles of S%Ld se%ond allqy to

ove description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting

sense.
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melt to forma 1iquid of said second alloy which is carried 24 AP 26HaCES
bet ween said particles of said first alloy by capillarity; and cooling
said liquid of said second alloy to forma solid securely bonding said
particles of said first alloy. 2. The nethod of claiml1 wherein said first

conposition is a first slurry consisting essentially of said particles of
said first al I"BATad® &LRHEL. B&3ed binder, and wherein said second
conposition is a second slurry consisting essentially of said particles of

said second al | oy 1and, fioWRbAr hasegobiAWer nin TheslRthod.of claim g or 2

wherein said second alloy has a Si content in~ the range

about 11 % by SA¢ gheP AfolEhedwnrebheding eltaian bra2ing Zenpereichrsai digecond
all oy has a B t kLch is. less than about 1 % by weight. 15 21 April
2004 5. The rren‘tfeﬁglg%g%oén yllgﬁrelg()f precedi ng cl ai ns wherein said second

conposi tion additi dealliypgcaryid seip pesp i BbEs @fitd Lhifgid-l | Qi g,
solidus tenperature.above said brazing tenperature. 6. The nmethod of claim

5 wherein sai FTRHEEP RrHESIes hpdsifiirst vidkay i Bavinst antgallidust he
same as said ftieh@bra@hEQYabgveTgéiMfwﬁﬁ tehdPap L, 6 Wherein said

second alloy has a weight ratio to said third alloy of between about 1:1
and about 9:1. 8. FR¥ESHeRHiodsefdc| &ipsT wirerppmisapd sedcohd al | aedeas a

wei ght ratio tQny gggtﬁghrgoﬂ%{_ggig %e neen about 5:1 a .about 6:1. 9. A
net hod for cIo&%g a hrgh pr ssureg’t Thine bl ade * t35< ¥ BFVBPEzi ng
at. a brazi ngat éigeidtusr tempdaea tumet hesd o rpLEids bigzihy| LéMgesSatd-di p cap
hole with a fill cgrrgosition. ‘s
eating said second composition to said brazing
temperatufe to cause said particles of said second alloy to
melt to form a liquid of said second alloy which is carried
into spaces between said particles of said first alloy by
capillarity; and
cooling said liquid of said second alloy to form a

solid securely bonding said particles of said first alloy.

2. The method of claim 1 wherein said first
composition is a first slurry consisting essentially of
said particles of said first alloy and a water-based
binder, and wherein said second composition is a second
slur:y consisting essentially of said particles of said

second alloy and a water-based binder.

3. The method of claim 1 or 2 wherein said second alloy has a Si content in

the range of about 3% to about 11% by weight.

4. The method of claim 1, 2 or 3 wherein said second alloy has a B content

which is less than about 1% by weight.
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conprising particles of at least two distinct alloy conposidias 2004
conprising particles of a first alloy and particles of a second all oy
wherein said first alloy has a solidus tenperature above said brazing
tenperature and said second alloy has a |iquidus tenperature bel ow said
brazing tenperature, said particles of said first alloy and said
particles of said s®contheaimethpddeff ami nge tofipreliedinignclhinsaywbemin isaid s@behd i p

cap hole; 16 2 rid 2 - i id fi.ll. c ifign to said brazing
t enper at ur e toébc uésiedms1 a‘%%ﬁg’arg@ ccl%g? ﬁg‘%‘g g%luc:lle% e"gg};gﬁé% |aﬂ9y g vingeq tso[‘ S orm a

| i qui d of sai diempemande abdvegaidibrazing tempaatioteed i Nt 0 spaces between said
particles of said first alloy by capillarity; and cooling said fill
conposition to solidify said second alloy to forma solid securely bondi ng

said particles of gsaifhd kthodl b8Yc1hfn ThendBINPLLHlg %Hg@b%%é)g?%%” The

said fill conposition additionally conprises a water-base .

met hod of cl aign@mposigianeveieh sk duhstongiallyythassansSiasceatidnEirsn t he
range of about 31%91}0 about 11% by wei ght and no nore than about 1% by

wei ght B. 12. a‘ﬂhe met hod of claim9, 10 or 11 wherein said particles of

said second alloy are intermxed with particles of a third alloy having a
sol i dus tenperaturd. Ehomethedofichinadiong whengie said seend aiopwhar eweightiiatlo second

about o 1. 17 HpuiisBep oo i Bl Rl o RSy STANT ALLOY' THEREFOR

8. The method of claim 7 wherein said second alloy has.
a weight ratio to said third alloy of between about 5:1 and

about 6:1.

9. A method for closing a high pressure turbine blade
tip cap hole by brazing at a brazing temperature, the
method comprising:

filling said tip cap hole with a fill composition
comprising particles of at 1least two distinct alloy
compositions comprising_particles of a first alloy and
particles of a second alloy wherein said first alloy has a
solidus témperature above said brazing temperature and said
second alloy has a liguidus temperature below said brazing
temperature, said particles of said first alloy and said
particles of said second alloy defining two distinct layers

in said tip cap hole;
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ABSTRACT OF THE DI SCLOSURE A tip cap hole is | oaded wi th a fa1rAgrii 2004
conposition -conprising particles of a first alloy having a solidus

t enperature above the brazing tenperature.. The first conposition is
covered with a second conposition conprising particles of a second all oy
having a |iquidus tenperature below the brazing tenperature. The second

conposition is hea%%gtgggthgagaaquq& M8 40 qfuse aﬁfiﬁles,of t he

second alloy to nelt to forma |iqui 't he second cToyS cR* %1 ¥rri ed
into spaces betempemathee pr tdaises safidt berticle:ts et |sif b ecaphl haldf Yeo The
liquid of the second Ion oled to.forma_solid securely bonding the
particles of “Fﬁ Flr |?<%}qﬁ§% ﬁg §Atd PREORLHPYaMbdFbnis FRFimE t han
1% B and fromi3%ot @p&&%’@ssbet%@nfwﬁa phleyches & sﬁt@' ﬂré@aﬁlﬁb%{} 5%

Al, at |east about 0.5%Hf, no nore than 0.5% Ti. Fig
caplllarlty, and

.coollng said fill composition to solidify said second
.alloy to form a solid securely bonding said partlcles of
:sald

g flrst alloy

10. The method of claim 9 wheréin' said f£ill

‘composition additionally comprises a wat'eﬁ:-bésed binder.

‘ 11. The method of claim 9 or 10 wherein said second ailoy has a Si content
" in the range of about 3% to about 11% by weight and no more than about 1% by
weight B.

7 12.  The method of claim 9, 10 or 11 wherein said particles of said .second
alloy are intermixed with particles of a third alloy having a solidus temperature
above said brazing temperature and wherein said second afloy has a weight ratio to

said third alloy of between about 1:1 and about 9:1.
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